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Since the first publication of the dideoxy sequencing
method (Ref. [1]), technologies have developed for both
labeling and separating molecules. Fluorescent dye la-
bels, among others, have enabled automated sequencing
with increased capacity and throughput. In addition, the
enhanced sensitivity conferred by energy-transfer dyes
like BigDye (PE Biosystems, Foster City, CA, USA) and
DYEnamic ET (Amersham Pharmacia Biotech, Bucking-
hamshire, UK) raises the possibility of sequencing di-
rectly from very large plasmids such as BACs, PACs and
P1s, and even from bacterial genomes (Ref. [2]). This
would provide a means of closing gaps between con-
tigs generated by a whole genome shotgun approach,
and of identifying transposon insertion sites without
any intermediate PCR step. For successful direct se-
quencing, however, high-quality genomic DNA is neces-
sary, requiring time-consuming proteinase K digestion
and subsequent phenol–chloroform extraction. Here, I
present a simple and reliable method for preparing bac-
terial genomic templates for direct sequencing. This
method uses a chaotropic reagent and silica matrix for
purifying needle-sheared DNA. It can be used for both
Gram-positive and Gram-negative bacteria, and DNA
sequences can be determined using a capillary sequenc-
ing machine [e.g. 310 Genetic Analyzer (PE Biosys-
tems)].
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Fig. 1. An agarose gel of genomic DNA purified from Staphylococcus
aureus BB255 using the method described in the text. The sizes of DNA
markers are shown on the left-hand side of the gel.
1. Protocol
▼Staphylococcus aureus strain BB255 (Ref. [3]; a gift from
B. Berger-Ba¨chi) was used as a representative Gram-positive
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Fig. 2. An electropherogram obtained by directly sequencing the asp gene of Staphylococcus aureus. Data collected by a 310 Genetic Analyzer was
analyzed using Sequencing Analysis 3.4 with a LR-310 base caller.
bacterium. A few large colonies of BB255 were suspended
in 90 µl of TE buffer (10 mM Tris–HCl pH 8.0, 1 mM EDTA)
containing 100 µg ml−1 lysostaphin (Sigma, St Louis, MO,
USA) and the cells were incubated at 37◦C for 30 min. For
Gram-negative bacteria, lysozyme (Wako, Tokyo, Japan)
was used at a concentration of 1 mg ml−1. For Streptococ-
cus, however, mutanolysin (Sigma) should be used instead
of lysostaphin, at a final concentration of 100 µg ml−1. Af-
ter adding of 10 µl of 10% N-lauroylsarcosine (Sigma), the
cells were further incubated at 65◦C for 30 min. In S. aureus,
lysis occurred at the lysostaphin-digestion step whereas, in
other bacteria, lysis occurs at this 65◦C incubation step.
Using a 26-gauge needle and a 1-ml syringe, genomic
DNAs released in the solution were sheared more than
ten times. Then, 500 µl of binding buffer from the High
Pure PCR Product Purification Kit (Roche Diagnostics, Basel,
Switzerland) were added to the solution and the DNA
sheared another ten times with the same needle and sy-
ringe. Alternatively, DNA from staphylococci can be di-
gested with an appropriate restriction enzyme with appro-
priate buffer after the lysostaphin lysis step. The solution
was applied to the silica-matrix column in the PCR prod-
uct purification kit. Binding and washing procedures were
performed following the manufacturer’s protocol. For elu-
tion, 50 µl of 10 mM Tris–HCl pH 8.0 were loaded on the
column and incubated at 70◦C for 10 min to improve the
elution efficiency. As a result, ∼10 µg of DNA can usually
be obtained by this method. If the concentration is below
200 µg ml−1, the eluted solution should be concentrated.
If many samples must be prepared, genomic DNAs can be
sheared by vortexing with 20 µl glass beads [425–600 µm
in diameter (Sigma)] in each sample.
For subsequent purification of the DNAs, a 96-well silica-
matrix plate such as Wizard SV96 DNA Binding Plates
(Promega, Madison, WI, USA) can be used. For fluores-
cent DNA labeling, the BigDye Terminator Cycle Sequenc-
ing Ready Reaction Kit V2.0 (PE Biosystems) was used.
2–3 µg genomic DNA, 10 pmol sequencing primer (5′-
GGTATATCGTTCGTGATGTACTAGA-3′) and 8 µl of the
BigDye reagent were included in a 20 µl reaction mixture.
The primer was synthesized from the asp gene of S. aureus
(Ref. [4]). After the first denaturation step (96◦C, 30 sec),
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the mixture was cycled 99 times at 94◦C for 10 sec, 52◦C for
20 sec and 60◦C for 4 min, using the GeneAmp PCR System
2400 (PE Biosystems).
After PCR, the labeled product was purified with a Cen-
triCep column (Princeton Separations, Adelphia, NJ, USA).
It was dried, resuspended in 10 µl of template suppression
reagent (PE Biosystems) and separated using an ABI PRISM
310 Genetic Analyzer (PE Biosystems) with a long capillary
module. The data were analyzed by Sequencing Analysis 3.4
software with an LR-310 base caller (PE Biosystems).
2. Results and discussion
Fig. 1 shows a result of gel electrophoresis of the extracted
DNA of BB255.Most of the DNA is in the size range 2–12 kb.
From this DNA, the sequence of the S. aureus asp gene
was obtained (Fig. 2). Although some broad noise owing
to residual ddNTP–BigDye complexes can been seen, the
signal of each peak was strong enough for high-fidelity
base calling for more than 500 bases. The quality is almost
the same as that gained from the 377 DNA Sequencer (PE
Biosystems). In the Gram-negative bacteria, similar results
could even be obtained from Klebsiella pneumoniae, which
produces much more polysaccharide than Escherichia coli
(data not shown).
Current methods for preparing DNAs for direct sequenc-
ing include kits EASY-DNA Kit (Invitrogen, Carlsbad, CA,
USA) (Ref. [2]) and QIAGEN Genomic-tip 100/G (QIAGEN,
Hilden, Germany) (Ref. [5]) and the SDS–proteinase K lysis
procedure (Ref. [2]). The method presented here does not
use proteinase K or organic reagents for purifying genomic
DNAs from bacteria, and requires less than 2 h even when
manipulating up to 96 samples. In addition, this method
makes direct genome sequencing possible using a capillary
sequencing machine. The overall simplicity of this method
will expedite the genetic analyzes of bacteria with small
genomes.
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Products Used
Lysostaphin: Lysostaphin from Sigma
lysozyme: lysozyme from Sigma
Mutanolysin: Mutanolysin from Sigma
PCR product Purification kit: PCR product Pu-
rification kit from Roche Molecular Biochemicals
glass beads: glass beads from Sigma
BigDye Terminator Cycle Sequencing Ready
Reaction Kit: BigDye Terminator Cycle Sequenc-
ing Ready Reaction Kit from PE Applied Biosystems
ABI Prism 310 Genetic Analyzer: ABI Prism 310
Genetic Analyzer from PE Applied Biosystems
377 DNA Sequencer: 377 DNA Sequencer from PE
Applied Biosystems
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